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(1) Finite-size scaling for quantum criticality using the finite-element method 

 Finite size scaling for the Schrodinger equation is a systematic approach to calculate the quantum critical parameters for a 

given Hamiltonian. This approach has been shown to give very accurate results for critical parameters by using a systematic 

expansion with global basis-type functions. Recently, the finite-element method was shown to be a powerful numerical method 

for ab initio electronic-structure calculations with a variable real-space resolution. In this work, we demonstrate how to obtain 

quantum critical parameters by combining the finite-element method (FEM) with finite size scaling (FSS) using different ab initio 

approximations and exact formulations. The critical parameters could be atomic nuclear charges, internuclear distances, 

electron density, disorder, lattice structure, and external fields for stability of atomic, molecular systems and quantum phase 

transitions of extended systems. To illustrate the effectiveness of this approach we provide detailed calculations of applying 

FEM to approximate solutions for the two-electron atom with varying nuclear charge; these include Hartree-Fock, local density 

approximation, and an "exact" formulation using FEM. We then use the FSS approach to determine its critical nuclear charge 

for stability; here, the size of the system is related to the number of elements used in the calculations. Results prove to be in 

good agreement with previous Slater-basis set calculations and demonstrate that it is possible to combine finite size scaling 

with the finite-element method by using ab initio calculations to obtain quantum critical parameters. The combined approach 

provides a promising first-principles approach to describe quantum phase transitions for materials and extended systems. 

(2)Quantum algorithm and circuit design solving the

Poisson equation

The Poisson equation occurs in many areas of science and engineering.

Here we focus on its numerical solution for an equation in d dimensions. In

particular we present a quantum algorithm and a scalable quantum circuit design

which approximates the solution of the Poisson equation on a grid with error ". We

assume we are given a supersposition of function evaluations of the right hand side of

the Poisson equation. The algorithm produces a quantum state encoding the solution.

The number of quantum operations and the number of qubits used by the circuit is

almost linear in d and polylog in "??1. We present quantum circuit modules together

with performance guarantees which can be also used for other problems.

(3) Entanglement of polar symmetric top molecules as candidate qubits 

Proposals for quantum computing using rotational states of polar molecules as qubits have previously considered only diatomic 

molecules. For these the Stark effect is second-order, so a sizable external electric field is required to produce the requisite 

dipole moments in the laboratory frame. Here we consider use of polar symmetric top molecules. These offer advantages 

resulting from a first-order Stark effect, which renders the effective dipole moments nearly independent of the field strength. 

That permits use of much lower external field strengths for addressing sites. Moreover, for a particular choice of qubits, the 

electric dipole interactions become isomorphous with NMR systems for which many techniques enhancing logic gate 

operations have been developed. Also inviting is the wider chemical scope, since many symmetric top organic molecules 

provide options for auxiliary storage qubits in spin and hyperfine structure or in internal rotation states
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